Deletion of cyclin-dependent kinase inhibitor 2A/B (CDKN2A/B) is well known in many hematologic malignancies, but only few reports have investigated this deletion effect on clinical prognosis. This study performed analysis of the CDKN2 deletion in 215 adult B-lineage acute lymphoblastic leukemia (B-ALL) patients, and related cytogenetic prognostic factors (BCR/ABL; E2A/PBXl; TEL/AML1; Mixed Lineage Leukemia (MLL) rearrangement; MYC, Immunoglobulin heavy locus (IGH) translocation). The prevalence of CDKN2 deletions in all study populations was 28.4%. There is no difference between patients with CDKN2 deletion and wild-type patients in sex, age, white blood cells (WBC) count, BM blast percentage, extra infiltration and induction complete remission (CR) rate. Analysis in relapse patients revealed that the distribution of CDKN2 deletion is higher in relapse patients (44.6%) than all patients (28.4%, P=0.006). Deletion of CDKN2 was significantly associated with poor outcomes including decreased overall survival (OS) (P<0.001), lower disease free-survival (DFS) (P<0.001), and increased cumulative incidence of relapse (P=0.002); Also, CDKN2 deletion was strongly associated with IGH translocation (P=0.021); and had an adverse effect on patients with BCR-ABL fusion gene or with MLL rearrangement. Patients with CDKN2 gene deletion benefited from allogenic hematopoietic stem cell transplantation (Allo-HSCT). Deletion of CDKN2 gene was commonly observed through leukemia progression and was poor prognostic marker in long-term outcomes.
Introduction
Identification of specific abnormal genes involved in the process of leukemogenesis often suggests possible prognostic markers that may be applied into risk stratification and treatment protocol in leukemia. Specifically, alterations of genes in the 9p21.3 locus have been implicated in many types of cancer. Genes CDKN2A (MTS1) and CDKN2B (MTS2), which encode for p16INK4a/p14ARF and p15INK4b respectively from this locus, are thought to be important growth suppressor genes. INK4a/ARF regulates p53 tumor suppressor function by interacting with MDM2. P15/INK4b works as a CDK inhibitor, which inhibits phosphorylation of Rb by inactivating cyclin/ CDK-4/6 complexes and thereby controls cell-cycle
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International Publisher G1 progression [1] . Study also found that CDKN2 gene with the role of a gate keeper can sustain the balance between HSC self-renewal and the early differentiation stages which resulted in lineage commitment. [2] [3] [4] . It has been reported that inactivation of the CDKN2 occurred in the form of deletion, methylation or mutation in various hematologic malignancies, and genomic deletion was more frequent than mutation or methylation [5, 6] . CDKN2 may be haploinsufficient in human cancer and its inactivation endows differentiated cells with the capacity to inappropriately self-renew which plays an important role in tumor formation [7] . Deletions of CDKN2 have been shown to frequently occur in acute lymphoblastic leukemia (ALL), the incidence ranged from 18% to 45% [1] . Concurrently, the association between the deletion of CDKN2 and the prognosis in child ALL was widely investigated, most of these results found that patients with CDKN2 deletion had an increased poor outcome than wild-type patients [8, 9] . However, only few reports were about prognosis and CDKN2 deletion in adult ALL leukemia. Furthermore, all these researches draw controversial conclusions [10, 11] , the identification of the role of CDKN2 deletion in leukemia development remains to be seen. The current study was aim to investigate the prevalence, feature, and specific prognostic relevance of CDKN2 deletion in adult B-ALL patients for the first time in the Chinese Han population.
Materials and methods

Study Population
A total of 278 newly diagnosed Chinese Han adult B-ALL patients were identified retrospectively from January 2008 to December 2013 at South Medical University, South hospital center. Approval was obtained from the Ethics committee of the South hospital Affiliated to South Medical University. Written informed consent was obtained from all patients. Specimens were operated follow national ethical and legal standards.. B-ALL was diagnosed based on standard criteria which include bone marrow morphologic, cytochemical, immunophenotypic and cytogenetic analysis. Among them, 215 patients received all the examinations and systematic treatments. 63 patients who terminate the treatment due to personal reason was excluded from this study. The treatment procedure was: all patients received a 4-week induction therapy (vincristine, daunorubicin or idarubicin, L-asparagines, and prednisone) at first and 53 patients with Philadelphia-positive (Ph + ) ALL received extra imatinib 400 mg qd (daily) or dasatinib 70 mg (bid) twice a day. After complete remission, all patients received consolidation treatment with-Hyper CVAD [13] . Briefly, probe and slide preparation as well as hybridization and washing steps were performed with two green-labeled chromosome 9 probe and two red-labeled CDKN2 probe kit (Cat. No. LH009, Cytocell, Cambridge, UK) according to the manufacturers' protocols ( Figure 1 ). The sample was first put in to pretreatment solution and incubated at 110°C for 1 minute. Then, samples was digested with pepsin (Sigma, St Louis, MO, USA) at 37°C for 10 minutes. Before hybridization The probes were denatured for 5 minutes at 95°C. The slides were then hybridized for 48 hours at 37°C and stained with DAPI (Life Science, USA).
Statistical analysis
Pearson Chi-square analysis and Fisher exact test were carried out to compare the difference of categorical variables between patients groups. For TEL/AML1 and Hyperdiploidy, we used Fisher's exact test, others used Pearson Chi-square test. For WBC count, we used Wilcoxon test. We already added this detail into statistical section in our revised paper. Overall survival (OS) was analyzed according to the Kaplan-Meier method and Log rank tests were employed to compare survival curves between groups. For all analyses, statistical analysis was performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). And a p value of less than 0.05 was considered statistically significant. 
Results
Patient characteristics
215 newly diagnosed B-ALL patients were collected. Aged between 15 and 60 years old, the median age at diagnosis was 31years old, the median white blood cell(WBC) count was 47.×10 9 /L (range: 1.5～ 207.8). Of 215 cases, 61(28.4%) patients with CDKN2 deletion, and patients characteristics are summarized in Table 1 . There was no significant difference between CDKN2 deletion carrier and non-carrier for age, sex, and WBC counts at presentation, percentage of BM blasts at diagnosis, hepatosplenomegaly, and risk stratification (Table 1) .
CDKN2 deletion and its correlation with other molecular alterations
Furthermore, the association of CDKN2 deletion with other known molecular alterations such as E2A/PBXl fusion gene, TEL/AMLl fusion gene, BCR-ABL fusion gene, MLL rearrangement, hyperdiploid, and MYC and IGH translocation were conducted and results are summarized in Table 1 . In this cohort study, CDKN2 deletion was strongly associated with IGH translocation (P=0.021), while no association was observed with BCR/ABL fusion gene and MLL rearrangement (p=0.735, p=0.359,). Meanwhile, patients with wild CDKN2 gene had higher MYC translocation or E2A/PBX1 frequencies (5.2%, 5.2%), but no hyperdiploid and TEL-AML fusion gene was detected in CDKN2 deletion patients. 
Analysis of CDKN2 gene deletion in relapse patients
Among 92 (42.7%) relapse patients, 34 patients had CDKN2 deletion both in denovo diagnosis and relapse, 7 patients acquired CDKN2 gene deletion at relapse. This deletion rate was significantly increased at relapse compared to that in all patients. (44.6% vs. 28.4%, p=0.006). Further analysis of the results showed those with CDKN2 deletion had shorter DFS (p=0.004) and OS (p=0.001), but there was no statistical difference in re-induced CR rate (p=0.901) ( Table  2) . 
Effect of CDKN2 deletion on prognosis with Allo-HSCT treatment
To determine whether deletion of CDKN2 gene has an effect on treatment outcome in B-ALL patients, a follow-up study was taken with median 27 months (range: 1-65). 143 patients were classified as the high-risk group and 72 patients were classified as the standard-risk group. There was no significant difference in the CDKN2 deletion distribution in the two risk groups. 25 (41%) of the 61 patients with CDKN2 deletion and 75(48.7%) patients with wild type CDKN2 gene received Allo-HSCT and there was no difference in treatment protocol and induction CR rate between these two groups (p=0.306; p=0.546). However, patients with deletion of CDKN2 had a higher relapse rate compared to wild-type patients (59% VS 36.4%, p=0.002) ( Table 1) . Thereafter, a univariate analysis of the CDKN2 genomic status and its association with outcomes was conducted. A shorter OS and DFS was found in patients with CDKN2 deletion compared with wild-type patients (OS: 19 versus 30 months, respectively, P<0.000; DFS: 12 versus 24 months, respectively, P<0.000) (Figure 2 ). 25 of the 61 patients with the deletion received Allo-HSCT, the subgroup which received Allo-HSCT treatment had a better OS and DFS compared with the subgroup which received chemotherapy only (OS: p<0.000; DFS: p<0.000) (Figure 3 ). 
Effect of CDKN2 deletion on IGH rearrangement
In our study, seven patients had IGH rearrangement, two patients with IGH rearrangement only remained in continuous first CR for 45 and 38 months respectively, three of five patients concurrent with IGH rearrangement and CDKN2 deletion died within 1year, the other two patients were still alive during the study time frame. The relationship of CDKN2 deletion and IGH rearrangement and whether CDKN2 gene deletion has adverse effects on IGH rearranged leukemia need further study.
Association of CDKN2 deletion with BCR-ABL fusion gene and MLL gene rearrangement in ALL patients
We analyzed the effect of CDKN2 deletion in ALL patients with BCR-ABL fusion gene and found 16 (26.2%) BCR/ABL fusion gene positive patients also had CDKN2 deletion. Moreover, the patients with BCR-ABL fusion gene and CDKN2 gene deletion had a poorer OS, DFS (Figure 4 ) and were even more likely to relapse compared to patients with BCR-ABL fusion gene only (Relapse: 68.8% vs. 37.8%, p=0.038). Two of thirteen MLL gene rearrangement patients had concurrent CDKN2 gene loss, one patient died during the period of induction chemo-therapy, another relapsed 3 months after diagnosis and died 1 month following the relapse. Meanwhile, four of eleven patients with MLL rearrangement only were still alive on the date of the follow-up censored. 
Discussion
Several studies have reported high frequencies of p15/p16 (CDKN2) deletion in both adult and child acute lymphoblastic leukemia and proved FISH as a reliable and accurate method for this deletion detection [1, 10] . However, the majority of these studies were based on a small study cohort and were limited in further analysis of the correlation between CDKN2 deletion and those established prognostic karyotype aberrations in B-ALL including BCR/ABL fusion gene and MLL gene rearrangement. Therefore, we recruited a larger patient cohort, containing 215 newly diagnosis B-ALL patients for this study. Results showed the frequency of CDKN2 deletion was 28.4%, which was higher than Kawamata report (21%) but lower than Bertin (31%) and Mullighan report (34%) [14] [15] [16] . Some investigators reported a more closer relationship between CDKN deletion carriers and abnormalities of 9p21 as well as other clinical lab data including high WBC, blast counts, prominent lymphadenopathy, splenomegaly, expression of predominantly T-cell surface markers, and shorter survival timer compared to other types of ALL patients [8, 9, 17] , but this association did not found in other studies [11, 18, 19] . Data from our study demonstrated that the frequency of CDKN2 deletion had no significant association with age, sex, WBC counts, percentage of BM blasts and hepatosplenomegaly.
Our research showed that CDKN2 deletion carriers have decreased OS, DFS and a higher rate of recurrence compared with wild-type patients. Those CDKN2 deletion patients who received Allo-HSCT exhibited an improved OS and DFS compared to patients that only received chemotherapy. These results are consistent with previous studies which reported loss of p16 as a major independent negative prognostic indicator in pediatric ALL [20] . Abdulmohsen Alhejaily found that inactive CDKN2A is relatively common in pre-treatment follicular lymphoma associated with more aggressive forms and poor clinical outcome [21] . We also investigated if CDKN2 deletion would have an enhanced predicted effect on survival when took established poor prognostic factors into consideration such as BCR/ABL or MLL rearrangement or hypodiploidy. In our study, no relationship was found between CDKN2 deletion and BCR-ABL1 fusion gene or MLL rearrangement, but CDKN2 deletion always occurred together with IGH translocation. However, this additional IGH translocation changes had no impact on prognosis in CDKN2 deletion carriers in our analysis. This negative results may occurred due to relatively small number of study subjects in the subgroup, further larger study with more clinical and genetic information could benefit this correlation study..
We identified CDKN2 deletion in 30.2% of BCR/ABL positive ALL patients, similar to previous reports [22] in which the frequency was 26.2% at diagnosis. Moreover, our research suggested that CDKN2 gene deletion resulted in poor prognosis in BCR/ABL positive ALL patients and agreed with Ilaria Iacobucci [21] . Other studies found that p16 gene deletion emerged in some of CML-BC and Ph-positive acute lymphoblastic leukemia ALL patients, which had not been detected in CML-CP patients [23, 24] . Transducted p16(INK4a) or p14(ARF) virus into primary blast cells from chronic myeloid leukemia in blast crisis (CML-BC) and Ph-positive acute lymphoblastic leukemia (ALL) showed, inhibited growth of cells apoptosis promoted. Furthermore, these cells had increased sensitivity to imatinib [25] . The results illustrated that p16 gene deletion is a poor prognostic predictor.
MLL rearrangement is another adverse factor resulting in poor prognosis, the frequency of CDKN2 deletion in MLL rearranged patients was 15.4% in our study, the incidence rate was lower than Ohnishi, H's report [26] . In our research, patients with MLL rearrangement and CDKN2 deletion had a short survival time, especially one patient with both gene alterations died in the early period of induction chemotherapy, and another patient died within 4 months. Study found down-regulation of p16 gene could restore the cell colony forming capacity in MLL/ENL transduced cells and exacerbates leukemia. On the contrary, the up-regulation of p16 had a curative effect on the MLL/ENL leukemia cells by diminishing their leukemia initiating capacity [27] . However, the relationship between p16 gene and MLL rearrangement and whether CDKN2 gene deletion has an adverse effect in MLL rearranged leukemia needs further study.
Both TEL/AML1 and hypodiploidy (regions of chromosomes 4, 10 and 17) were a common cytogenetic alteration and associated with an improved prognosis in child ALL, but rare in adult ALL. This cytogenetic discrepancy may partially explain the different clinical outcomes between childhood and adult ALL. In our research, there were only a few patients with TEL/AML1 and hypodiploidy and even fewer in CDKN2 deletion carriers. Kim found that ALL cell lines with TEL/AML1 fusion gene and deletion of 9p21 had a strong ability to proliferate compared with the cell lines with TEL/AML1 fusion gene only [28] , and deletion of 9p21 may weakened or even reverse the favorable impact of the TEL/AML1 fusion proliferation.
In relapse patients, CDKN2 loss rate (44.6%) was dramatically higher compared with that in all patients at diagnosis, and together with impaired OS, DFS. These results suggest that loss of this genomic region may be involved in disease progression. It is well known that loss of CDKN2A/B could result in removal of tumor suppressors and activation of tumor growth factors such as MDM2 and CDK4/6 which promote tumor cell proliferation and thus be considered as attractive drugs points. Mllighan's study showed that CDKN2A/B deletion may be a reason for relapse by escaping drug-induced lethal effects and clone reproduction [29] . Sranks G's study showed that three NHL cell lines with Biallelic deletions of CDKN2 had undergone transformation from low-to high-grade disease [30] .
In summary, the present study found more frequent CDKN2 deletion in relapse adult B-ALL, and are frequently acquired in leukemia progression. The study also provides evidence of CDKN2 deletion as a negative prognostic factor for OS and DFS. These results imply that more focused attention should be shown to the patients who carry the CDKN2 deletion. A new therapeutic strategy could be developed in the future based on fully understand for genetic events in ALL.
